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Introduction

The P78-2 satellite, almost universally called
» the SCATHA (Spacecraft Charging AT High Alcitude)
satellite, was conceived as the fligh: Ttest por—
tion of a joint U. S. Air Force/NASA spacecraft
charging program. A detailed description of the
program and the P78-2 spacecraft can be found in
a report by Stevens and Vampola (1978). The
objectives of che satellite £flight were ctwofold;
one was to obtain environmencal and eagineering
information so as to provide design criteria,
materials, techaiques, tests and analytical
methods to ensuze control of the charging of
satellite surfaces. The second objective was to
collect scientific data of interest to each ex-
periment sponsor and the scientific community.
Key areas of scientific iavestigation include
understanding plasma-wave interactions, substorm
studies aod further studies of the emergetic ring
current.

Satellite Parameters

The satellite was launched on 30 Jaauary 1979
and inserted into 1its final orbit omn 2 February
1979. The orbit of P78-2 was chosen to cover the
near syuchrooous region close to the geographic
equator. The apogee and perigee are ~ 43200 km
(R~ 7.8 Rae) and 27500 km (R ~ 5.3 Re) respec-

5 ’,-'—-a*-—a—‘-r‘-_“_ e
Lm»_ PAGE BLAMK-NOT FILigD

s S




tively. The inclinaction of the orbit is ~ 7.8°
with apogee and perigee lying in the earth's
equatorial planme. The orbdbital period is ~ 23.8
hrs and - thus the mean position of the sacellite
drifts eastward in lomgitude at ~ 5.3° per day
(see Figure 1). On 5 February apogee was
at ~ 190° east longitude and 9.3 hrs MLT.

The satellite is spin stabilized (spin
rate ~ 1 rpm) with the spin axis in the orbit
plane and maintained approximately perpendicular
to the satellite-sun line. This allows those
experiments with view axes approximately perpen-
dicular to the spin axis to scan a large ranmge of
angles relative to the magnetic field. It also
allows those sensors on the end of the satellite
with fields of view parallel to the spin axis ¢to
be viewing nominally perpendicular cto B. The
experiment positioas are shown in Figure 2.

The satellite is cylindrical and about 1.75 m
in length and diameter. Seven experimeat boous
are deployed on orbit. These are also shown in
Figure 2. Most of the cylinder is covered with
solar cells. Provisions were made for providing
conductive surfaces around the particle experi-
ment apertures. For details of the surface mate-
rials see Stevens and Vampola (1978).

The SCl experiment (see Experiment Section)
measures VLF and HF signals. To maintain low
noise signature in the frequency ranges of
interest the experiment and vehicle systems sec-
tion was designed as a Faraday cage. Externmal
equipment was housed in shielded eanclosures and
subject to stringent electromagnetic control.
All external lines were doubly shielded and the
power system source impedance was held to < 20
mohms from DC to 10 MHz. For magnetic cleanli-
ness a zero-net-current cabling approach was used
and the solar arrays were back-wired to cancel
fields generated by array currents. The result
was an electromagnetically and magnetically clean
satellite as is evidenced by the high qualicty of
the wave and magnetometer data.

Two tape recorders are used to provide nearly
complete coverage in every orbit. Each has a l2-
hour capacity &t the 8192 bps basic data race.
There is also a direct M channel which provides
frequency respouse up to 5 kHz. It is used in a
number of different modes by the VLF wave, mag-
netometer, 0OC elactric field, and two plasma
experiments. From 5 February to the present the
satellice has averaged > 90% coverage for the
digital daca (see Figure 3 for first year of
coverage). The M data is limited to ~ 2 hrs per
day by ground statiom resources. The primary




MOTION OF P78-2 RELATIVE TO
A SYNCHRONOUS SATELLITE

SYNCHRONGUS

TELLITE
P78-2 SATELL ——| DRIFT ~ 5.3%/ DAY
ORBIT

~ 400 e
-
EARTH

Fig. 1. Diagram showing the orbit of P78-2 ralative
to a synchronous satellite. The distance
between the circle points represents the
daily longitudinal drift.
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period of data lapse was from l7 February to L6
March 1979 when transmitter provlems were experi-~
enced.

Experiments

Table 1 shows the experiment identifiers and
the principal investigators. The iadividual
experiment components are further decailed 1in
Table 2 with the date of first operation. Table
3 shows the particle detector characteristics.
The operation of the ion and electron beam sys-
tems (SC4-2 and SC4~l) are coustrained and usual-
ly occur during the eclipse saasous. Each beam
system operation has a duration from a few
minutes to ~ 1 hr. Many of the plasma experi-~-
ments are turned off during the alectroa beam
operations because of the high beam currents
which can be emitted (1 pd to 12 mA).

Two of the experimeants, SC6 and SC7, failed
shortly after being turned on. SC7 collected’
~ 10 days of data (see Table 2). These failuras
mean there 1isn't a direct plasma density measure-
ment for most of the mission. Some attempts are
being made to use the plasma analyzers (especial-
ly SC9) plus the VLF wave data to estimate the

plasma demsity.

SCl Engineering and Wave Experiiments

As Table 2 shows, the SCl experiment contains
both science and engineering Iiastruments. The
engineering experiments consist of satellite
surface potential monitors (SSPMs) and a tran-
sieat pulse shape analyzer (TPSA). The SSPMs
measure the potential of selected materials such
as Rapcoa, Taflon, ete. and the bulk current
through thesa samples. These provide informacion
about the respoanse (charging) of such materials
in the near synchronous plasma environment.

The TPSA measures the shape of electromagnetic
pulses in the time dowmain from 7 nsec to 3.7
wsec. The objective is to verify that electrical
discharges are occurring on the satellite and to
correlata the occurrence with the other data.
The pulses ara measured ou four sensors, thrae
internal and one extermal to the Faraday cage.
For details of this and the SSPM experiment refer
to the report by Stavens and Vampola (1978) and
those by Mizera and Xoons (see reference list).

The primary SCl science experiment is the VLF
wave experiment (Koous, 1981; Stevens and
Vampola, 1978). The experiment employs two an-
tennas, an air—core loop and the 100 m tip-to-tip

10




Experiment
Identification

SCl1

scz

SC3

SC4

SCs

SCé6

SC7

SC8

sC9

SCl10

SCl11

ML12

TPM

Table 1. P78-2 (SCATHA) Experiments

Title

Engineering Experiments
Plus VLF and HF Receivers

Spacecraft Sheath Fields
Plus Energetic Ions

High Energy Particle
Spectrometer

Satellite Electron and
Positive lon Beam System
Rapid Scan Particle Detector

Thermal Plasma Analyzer

Light Ion Mass Spectrometer

Energetic Jon Composition
Experiment

UCSD Charged Particle
Experiment

Electric Field Detector

Magnetic Field Monitor

Spacecraft Contamination
Plus Thermal Control
Materials Monitoring

Transient Pulse Monitor

11

Principal Investigator

H. C. Koons
The Aerospace Corporation

J. F. Fennell
The Aerospace Corporation

J. B. Reagan
Lockheed Palo Alto
Research Lab

H. A. Cohen
Air Force Geophysics Lab

D. Hardy
Air Force Geophysics Lab

R. C. Sagalyn
Air Force Geophysics Lab

D. L. Reascner
NASA Marshall Space
Flight Center

R. G. Johnson
Lockheed Palo Alto
Research Lab

S. E. Deforest
E. C. Whipple
Univ. of Calif. at San Diego

T. L. Aggson
NASA Goddard Space
Flight Center

B. G. Ledley
NASA Goddard Space
Flight Center

D. F. Hall

The Aerospace Corporation

R. Adamo
SRI International




Experiment
ldentification

Table 2. Measurements Made by Experiments

Parameters Measured

Comments

sC1

sC2

SC3

SC4

SCS

SCé

sC7

sC8

SC9

sCl0

sCl1

MLI12

TPM

(1) Surface potentials of various materials
(2) E&M VLF wave analyzer (~0 Hz to 300 kHz)
(3) EXM RF wave analyzer (2 MHz to 30 MHz)
(4) Transient puise shape analyzer
(Pulse time domain 7 ns to 3.7 ms;
amplitude 3 mV to 1910 V)

(1) Potentials of spherical probes (common
mode, £ 0.02 to £+ 700 volts)

(2) Low energy electrons and ions (15 eV/q to
18.6 keV/q)

(3) Energetic protons (17 keV to > 3.3 MeV)

(4) Energetic ions, Z 22 (E; > 90 keV/nucleon)

High energy electrons and protons (Eq = 50 keV
to 5.3 MeV: E 2 1.0 MeV to 200 MeV)

(1) Electron beam emission system (E. =z 50 ¢V
to 3.0 keV; I, 21.0 UA to 13 mA)

(2) Positive ion (Xenon) beam emission system
(E1 1.0 and 2.0 ke'V: I; = 0.3 mA to
2.0 mA)

Electrons and ions (E, = 50 eV to ~1.0 MeV:
Ey = 50 ¢V to 35 MeV)

Thermal electrons and ions (E4 and E; from
~0 eV to 100 eV)

Light ion density, tcmpcr.;turc and composition
(Ex 20,0 to 100 aV; H*, He*, OF)

{1) lon Composition of energetic plasma (E[ =
100 ¢V to 32 keV; M 2 0.8 to 160 AMU
with M/Q = 1,2, 4 0r 16)

(2) Low energy electrons (E_ 3 70 ¢V to
24 keV in 4 channels)

Electrons and ions (one sat with E = few eV to
81 keV, two others with E 20,2 ¢V to 1,55
ke V)

DC and ELF electric fields and satellite
potential (ELF 0.2 to 200 Hz: common mode
voltage 0 to £ S5 keV)

DC and ELF magnetic field (range from
20.3 to £ 500 aT; ELF ~1 to 100 Hz)

(1) Contaminant mass deposition rates
(2) Solar absorptance of test materials

Electromagnetic pulse environment on satellite

(Pulse amplitude 2 mV to 240 V, current 2 mA
to 1700 A)

12

Turned on § Feb,
Turned on 8 Feb.
Turned on 8 Feb.
Turned on § Feb,

Turned on 8 Feb,
Failed 30 March,
Turned on 2 Feb,

Turned on 31 Jan.
Turned on 31 Jan.

Turned on 31 Jan.

Turned on 30 Mazch.

Pulse mode failed 30 March.
Turned on Il Feb. Includes
electron source for beam
neutralizatioa.

Turned on 9 Feb., Includes
ESAs and particle telescopes.

Failed during checkout.
Turned on 7 Feb. Failed
on 17 Feb,

Turned on 8 Feb.
Turned on 8 Feb,

Turned on 1 Feb. One low
range ion sensor views L to

spin axis. One low and one high
range sensor have variable

view directions.

Turned on 25 Feb, Booms
fully extended on 9 March.
Turned on 22 Feb.
Turned on 30 Jan.
Turned on 30 Jan.

Turned on 8 Feb.




! Table 3. Particle Detector Characteristics

|
|
(
|
|
: . Geometrical
Species/ Energy AE/E At Facgtors Com:
ments
, ll Number Min-Max {sec) (em3.sx)
E ' Electrons
i ] sce 1-100 eV 0.1 ~0.4
l
l * <7 0.2eV.1.58xeV | 0.2 9.2, 1.6 x 10°* | Programmable
] ! 0.04, or Resoludon
;r ; 0.0008
: | sCs 0.05-1.7 keV 0.8 0.2 1074
! sc2 6 eV-18 keV 007 0.1 1.7 10%*
sc9 1 eV.81 keV 0.2 0.28, 1.6%10"* | Programmable
0.04, or Resolutica
0.0008
scs 1.7-60 keV 0.0 0.2 1074
scs 30550 keV 0.4 1.1 | 0.1or 3.5 x 10"}
0.2
sc) 0.08-5.1 MaV 0.1w1 0.5 3x10°? Programmable
Resocluton
sc3 $.1-10.0 MeV Integral 0.3 swi10°? Programmable
Resolution
Protoae
scy 0.2ev.1.53kev | 0.2 0.28, 1.2%x10° | programmadie
i 0.04, or Resolution
I 0.0008
| scs 0.05-1.7 kaV 0.8 0.2 10°3
i sc2 S eV-14 xaV 0.1 0.1 6. 7x 10°¢
SCY 1 eV-81 keV 0.2 0.28. 1.2x10°* | Programmadle
0.04, or Rescalution
. 0.0008
|
! scs 1.7-60 keV 0.8 0.2 10°3
' scs 70-728 RaV 0.5 o.ler 1x10?
0.2
sc2 17->3300 keV 1.0 2x 107}
scs 0.725-38 MeV 0.500.9 | 0.1o0r 1x 10"
0.2
sc3 1-200 MaV 0.003 t0 0.3 { 0.8 sx 0} Programmable
Resoluden
lome
Ce 1.100 oV 0.1 ~0.4
sc? 1-100 oV 0.2 0.06 ax10”? H’, ‘ne', %
[ 7ed ] 0, 1-32 keV 9.0% 12 |°-’ Am/m is mase
1- 160 AMU
sc2 M0 RaV /Macieon | lategral 1.0 ov s.exnte?
0.28
c3 6-60 MoV 0.01t00.2 |o0.9 3x10”? Programmaeble
Resslusion
\ 13




dipole from che SCLO experiment. The electri
field receiver has a sensis;vi:y of 5 x 107
V/(aBz!/?) ar 1.3 kiiz and 1077 V/(mBz!/?) ac 10.5
kHz. The wmagnetic loop 1is electros:ftically
shielded, has an effective area of 575 m® ac 1.3
kHBz, and is wmountad on a two-meter boom. The
seggitiviiyz of the magnecic receiver is 3 x

v/Bz1/2 ac 1.3 kHz and has a 60 dB dynamic
range. There are eight narrow band filter (band-
wideh *+ 7.5%) outpusts at 0.4, 1.3, 2.3, 3.0,
10.5, 30, 100 and 300 kHz and a broadband mode (0
to 5 kHz). The broadband data is taken for one
to two hours per day. The filter data is taken
coutinucusly. Figure %a shows an example of the
broadband wave daca for a period when both chorus
and hiss are present. Figure 4b shows filcer
data averaged over a period including Figure
4a. The wave intensity is plotted as a function
nf the angle between the anteannae axes and B.
Both the 400 Hz and 1.3 kHz data are from por-
tions of the spectrum occupied by the hiss
band. These data indicate k is nearly parallel
to B (Koons, 1981).

SC2 Plasma and Energetic Ion Experiments

The SC2 expariment also has science and engi-
neering applications. The spherical probes pro-
vide the potential between a floating sphere and
the satallice frame (Stevens and Vampola, 1978;
Fennell and Crolay, 198l). A sample of chis data
is shown in Figure 8 and described, with SC4,
below. As shown io Table 2 the probe voltage
measuring circuitry failed on Mazek 30, 1979.
The electros:zatic analyzars in the probes and on
the spacecraft are identical and measure ions and
electroas with ecergies from a few eV to ~ 18 keV
(see Table 2), perpendicular zo the spin axis. A
complets twenty-one chanuel spectrum is formed in
three seconds. This provides a good two dimen-
sional discribution functioan in one spin peri-
od. An example of such alectrou and ioun distri-
bution functions are shown in Figure 5. These
data show field aligned bouncing electrons and
field-aligned 1ion beams. These have been
described in a paper by Richardson et al. (1981)
and occur primarily near local midnight during
substorus.

SC2 also measuraes enerzetic ions with a tempo-
ral resolution of 250 amsec for He and the CNO
group and one sec for protons. An example of a
e angular distribution is shown in Figure 6a
(from Blake and Fennell, 193l). This shows that
the angular discribution is flat for > 85°,

14
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falls rapidly until @ ~ 50°, £latctens again and
then falls staeply for pitch angles a < 10°.
This is in agreement with the suggested form of
the angular distributiom by Blake et al.
(1980). Examples of the proton distributions are
shown in Figure 6b. The proton distributionms
show the effect of magnetic shell splitting and,
possibly, outward radial diffusion.

SC3 High Energy Particle Spectrometer

The SC3 experiment measures the energetic
electron and proton distributions with good ener-
gy and angular resolution (three degree full-
width-at-half-maxigum). The instrument 1is a
solid-state particle spectrometer consisting of
four detector elements. Various logic combina-
tions of the four seansors in the imstrumeat are
used to determine the particla types and energy
ranges (ref. Table 3). The variocus particles and
energy raanges are measured in time-multiplexed
modes which are command-selectable. The energy
spectra are obtained with a 12-channel PHA which
is programmed by command.

The primary emphasis is on the electron meas-
urements in the 47 to 4970 keV range (Reagan et
al., 198l1). Figure 7 shows the response of the
electron fluxes €o a substorm (bottom panel).
The substorm injection occurred after the satel-
lite entered the eclipse. The resultant charging
of a Kapton sample on the SCl surface potential
monitor is shown in the top panel. Examples of
the electron and proton spectra plus a detailed
description of the experiment can be found in
(Reagan et al., 1980; 1981).

SC4 Electron and lon Beam Emission Systams

The SC4 experiment, the particle beam emission
system, was to provide current sources for
charging and discharging the satellite (Stevens
and Vampola, 1978; Cohen et al., 1981). The
electron beam emitter is basically a power triode
consisting of an indirectly heated oxide-cathode,
a control grid, a focusing assembly, and an exit
anode at satellite ground. The range of perfor=-
mance parameters are shown in Table 2 and in the
Stevens and Vampola (1978) report.

The ion emission system uses a cathode dis-
charge to ifonize Xenon gas which is then accele~
rated by a 1 kV or 2 kV potential between the ion
source and the exit aperture which is at satel-
lite ground potential. At the exit aperture
there are filaments which can be heated to pro-
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eclipse and charging event as measured with the Lockheed SC3
experiment (after Reagan et al., 1981).
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duce electrons and which can be biased. These
electrons neutralize the ion beam or can be used
alone as a very low energy electron source. For
more decalls see reports by Staveans and Vampola
(1978) and Cohen et al. (1981).

An example of satallite charging by che ion
beam system is shown in Figure 8. The ion system
is emitting a beam of 2 keV ions at various cur-
rent lavels. The SC2-l spherical probe 1is
“clamped” to within a few volts of the plasma
potential by photocurrent from i1its surface.

‘Thus, the probe voltage relative to the satellite

represents the negative of the satellite poten-
tial. The sudden increases of satellite poren-
tial in association with the rapid decreasas of

"ion emission current are thought to be the result

of potential barrier formation at high currents
which disappear at low currents (Lai et al.,
1979). The details of the sheath mechanisms
involved are not yet understood.

It was also determined that the neutralized
ion beam emissions did stimulate plasma waves
(Koons and Cochen, 1981) with the wmost intease
emissions below the local electron gyrofrequency,
typically 0.3 to 0.9 the gyrofrequency. The
emissions associated with the electron beam emis-
sious were found to chaange significantly when the
beam current and energy were changed. Generally
the wave spectrum is organized by the local elec-
tron gyrofrequency.

SCS High Time Resolution Particle Measurements

The SC5 experiment provides electron and ion
measurenments over a wide range of energies (ref.
Tables 2 and 3 plus Hardy ec .al., 1979; Scevens
and Vampola, 1978) both perpendicular and paral-
lel to the P78-2 spin axis. The energy bands of
the channels are relatively wide (ref. Table
3). The electrostatic analyzer geometric factors
are large as are those of the solid state tele-
scopes. This experiment provides good counting
statistics in a short sample period and thus good
angular, spatial, and temporal resolution. An

-example of che analyzer ion data is shown in

Figure 9 (top panel) for a period when field
aligned ion beams were present. The corraspond-
ing SC2 data with lower temporal resolution is
shown 1in the bottom panels. The SC5 provides a
good view of the total plasma discribution
in ~ 30 sec (one half spin period).
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SC6 Thermal Plasma Analvzer

The SC6 instrument failed during checkout and
will not be discussed furcher.

SC7 Light Ion Mass Spectrometer

The SC7 instrument is a combination ratarding
potential analyzer and ilom @mass sSpectrometar
(Stavens and Vampola, 1978; Reasoner et al.,
1979) which measures the density, temperature,
and composition of the low-energy iomns. There
are three heads, one each viewing parallel and
antiparallel to the spin axis and one viewing
perpendicular to =he spin axis (see Fig. 10).
The parcicle emergies are measured in 32 loga-
rithmically spaced steps from 0.0 to 100 eV. The
mass analyzer is sensitive to H*, et ’
and 16g+, The combined sensors can measure
plasma flow. Figure 10 (middle) is an example of
the data from the three semsors in the hydrogen
mode oa 12 February 1979. The data show a plasma
flow as indicated at the top of Figure 10. The
bottom of the figure shows a change in plasma
composition from pra~flow (0400 UT) to post-flow
(0426 UT). The flow apparently convected a
plasma boundary past the satellite. It appears
the satellite transitioned from plasmasphere to
plasma sheet with a resuyltant decrease in the
He*/H" racio (D. Reasoner, private communicaticn,
1981). Unfortumately the SC7 experiment failed
after only ten days of operation so only limited
results are availablae.

SC8 Energetic Ion Composition Experiment

The SC8 experiment 1is composed ¢f an energetic
ion composition seasor measuring 100 eV to 32 keV
ions and four broad-energy electron channels.
The ion sensor is an ion mass spectrometer of the
type flowa on the S3-3 satellite (Sharp et al.,
1977) with an expanded energy range. The unit
measures a 32 point M/q spectrum over one of two
selectable wmass ranges; from 0.8 to 80 AMU and 12
to > 180 AMU. The lower mass range is the usual
one. Figure Il is an example of the ion composi-
tion wmeasurad during a magnetic s:orm from
Johuson (1980). The data show that bhe 0% densi-
ty was enhanced and dominant, the gt deasity did
not change amuch over most of the period. The
energy density of 0% 1s dominant for several
hours at the peaks of the storms and is compar—
able to or larger than the gt energy density even
at 32 keV near the storm peaks. These features
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are typical of six storms sctudiad so far for 1979
(R. G. Joamson, privata communricazion, 1981).

SC9 UCsSD Chargzed Particle Experiment

The $C9 plasma analyzer {s very similar to the
one flown on ATS~6 (Olsen, 198l; Mauk and
McIlwaia, 1975). The inscrument consists of five
@lectrostatic analyzers, three for ioms and two
for electrous. Pairs of iomn and electron anma~-
lyzers are in rotating heads. One head is for
low energies the other for higher energies (see
Table 3). The third ion analyzer is a low energy
unlt mounted to view perpeandicular to the spin

; axis. The rotating heads cam rotace the analyzer
; fields of view over a range of angles (~ 220°)
which includes both parallel and perpeadicular to
| the spin axis. The two rotating heads scan in
] orthogonal planes.
I The geometric factors are shown in Table 3
| (see also Stevens and Vampola, 1978). This in-
t strument provides the detailed plasma distribu-
[ tion function measurements over a rTeasonable
f period (l6 sec for a spectrum), which 1s longer
T (~ 314 sec) 1if all pitch angles arsa to be
covered. The sensor can also select any of the
five outputs for connection via a filter to a
broadband transmitter. This allows special
operations in which rapid fluctuations in the
particle fluxes can be followed.

Figure l2a shows sample ion distribution fung-
tions for 1 eV to 1800 eV ions. The curves show
the 1loms are highly peaked in pltch angle
near ¢ = 90° for energies betwaen ~ 10 eV to 600
eV. Figure 12b (upper curves) show that the louns
are also highly peaked unear the magnetic equa-
tor (A ~0°). This is representative of a plasma
reservoir constraimed to the magnetic equator in
the trough or bulge regiom of the plasmasphere
(Wrenn et al., 1979; Olsen, 1980; Olsen, 1981).
These two figures show the energy and temporal
resolution of the data.

SCl0 Electric Field Detector

The SClO experiment measures the DC electric
field and the satellite pocential. The sansor is
a 100 m cip-co-tip (50 m per side) cylindrical
(0.64 ca diameter) dipole cthat is used as a
double floating probe. The two halves of the
antenna are extended perpendicular to the spin
axis. The inmer 30 = of each 50 @ segment is
coated with XKapton iLasulation. The digitized
waveform, data filter channel and broadband out-
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puts are summarized in Table 4. The primary
emphasis of the experiment is on alectric fields
from DC co 200 Hz. The ancenpa is also used by
SCl in the HF and VLF experimencs.

The bottom panel of Figure l2b shows an output
from the 2 to 200 Hz filter chanmel. This shows
that low frequency waves are confined to cthe
equator, like the plasma ioms, in this case.

SCll dagnecomecer

The SCll experiment is a triaxial £luxgate
magnetometer. Each axis has a range of 0 co =
500 aT. The sensor 1is mounted on a 4 m boom
extended perpendicular to the spin axis. A
stringent wmagnetics coatrol and testing program
was used to ensure an absolute accuracy of the
measurements of | al at one sigma confidence
level on the worst axis (Stevens and Vampola,
1978). The field vector is measured four times
per second. The output £from the spin axis
aligned sensor 1s also fed to a set of SCI0
filter channels to provide the same frequency
band (Ref. Table 4) outputs. The baandwidth of
this magnetometer output is ~ l00 Hz. The same
axis can be placed on a broadband channel. The
filier output from SClO provides a seansitivity of
107* nT in the 20 to 200 Hz channel while the
broadband output provides a sensicivicy of 0.2
al/v.

Figure 13 shows a plot of the magnetometer
data taken during a glebal Pc 5 event on 13
November 1979 (Higbie et al., 198l). The data is
relatively clean and as shown here this event was
a uice long pulsation. This pulsation is now
being anmalyzed by several groups.

ML12 Spacecraft Contamination Experiment

The ML12 experiment provides engineering data
on spacecraft contamination and changes in
thermal coantrol materials. The contamination
data is provided by a quartz crystal microbalance
to measure mass deposition rates. The thermal
material data is provided by measuring the temp-
erature of thermal coatrol paint and material
samples mounted on 'super' iamsulation. For =more
information on this experiment the reader is
referred to the discussion in Stevens and Vampola
(1978).

Transient Pulse Monitor (TPM) Experiment

Finally, the TPM is an engineering experiment
28




_ Awp/ay ¢ 0y dn uojssywa
-suwe1) ODA 3H 007 © OA

3H 002 @ 02 (P
3H 02 N 2 (2
s3H29) (q spueq
2H 0°3 01 § "0 (v Aduanbaaj y

a1qejieAae jou

sH 002 o 02 (P
s 02 2 (>

sz (Q spueq
SH O] 0110 (® Aouonbaaj ¥

WNI-NJ

sawm posijeur
129janoj pasnIBIP

g 2X (2 A 000°s¥ (0
$2°X (9 A 00£%F (9
S20°X (» suyed ¢ AsiF (e sofuvs ¢ | wsojoaem posnIdIp
teRueL31a opoy{ uowwio) yewrzod

8opoN JusmaIN8BIY O10S % 2148l

29




*pet1I3 9ay3 Bujlayduwod

‘teyanuyze 8§ »n *337112398 8yl 03 yYiae’a Iyl WOIJ I0IJA

snipea @yl puw g Aq paujjp ¢=uwn ay3 uy sy *g -proys 19pom

JO UOTIDAIAFP Y] UF udIeI 6] g °Tdpom (H/61) 219237)4 Puv

uoB[Q 3Yl WOIJ IV SINTRA PI2]J [2POW IYL °*6L61 IIqEIAON ¢]
8O JudAd ¢)d ¥ Bujanp uanel pIty OFIsuBem ay3 jo sjuducdeo) ¢l A

0°¢ 8'9 9'9 v'e 2’9 ) ey
9°9¢ 9°S€¢ 0°9¢ 1°ve tce é1¢ :..._..J!
00:€2 00:22 00:12 00:02 00:61 00:91 ._.._.h:
00828 00262 00982 0002¢ 00vag ooer9 968°1n
T 1T 1T 11 _ v o0 1T _ T T 11 _ 1T 1T 7 _ T T T 11 _ T T 1T 11
- mg.a
§§§\</>\<§>>>\/>\</>\/>>>>>> . ®
- _— .I/// .H....S. .m...
[ //I’lé oci o
jopow— el
| peinseaw + —o0s-
= ] [+ ]
st o pmis ittt :l‘i%g}ur.o <
" — o
[ = -
Wl —{00-0c
- —Jo-os.-
- ] w
})c}l’l‘}\{“}"‘l\‘ o0 cx
— )
m 5 3
[ —{o0-cc
[ NN U N N N N N N A T (N N N A N NN O 0 T O T U Y IO Y O
6261 "AON ¥1 Q7314 DIL3INOVN VHLIVOS 1108




which provides data on the electromagnetic pulse
eaviroument oa the satallicte. The unit has four
sensors which are built inte the wiring
harness. Two sensors are current probes which
measure curreat fluctuations in the solar array
power line and in che ground line of the main
power system. The other two sensors are long
wires mounted outside the shields of the wmain
cable buandles. The processing electronics had
commandable sansitivities. For more details see
Stevens and Vampola (1978).

Summary

The P78=2 (SCATEA) satellite was placed i{a an
orbit which extends from anear the plasmasphere
out to auroral magnetic field lines. This in-
cludes the inner edge of the plasmasheec. It is
in perfect position to see substorm and magnetic
scorm effects. The placement of the spin axis in
the orbit plane allows the particle experiments
to obtain very good two dimeasional distribution
funetions. The inclusion of spin axis aligned
and rotating sensors helps to f£ill in other
aspects of the complete distribution function.
The use of tape recorders guarantees unearly l00%
coverage and the ability to provide broadband
data increases temporal and frequency resolution
of both particle and wave data.

The above features are complemented by a very
complete set of sensors covering a wide range of
particle and field parameters. This sacellite
has already brought new results important to our
understanding of the cutar magnetosphere.

At this time about one year of daca (3
February, 1979 to 17 March, 1980) have been digi-
tized and distributed to the experimenters.
Plans exist to provide digital capes for about 30
more selected days in 1980 and 1981.

The satellite 1is operating perfectly as of
March 198l. The original set of systems is being
used. Redundant satellite systems  were
provided. Expeandables for about a year of normal
operacions remain. When the expendables are near
exhaustion the satellite will be shut down or
reoriented with the spin axis normal to the orbit
plane.

The current absence of fuading by the Air
Force bodes 11l for continued tape digiciza-
tion. Partial funding of data reduction and
analysis plus the orbital operatious support by
experimenters was provided for about 18 wmonths
after launch. No Air Force funding is presently
available for further data raduction and analy-
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sis. All che analog tapes containing the data
are being stored for possible use later.
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LABORATORY OPERATIONS

The Laboratory Operations of The Aerospace Corporation is conducting exper-
imental and theoretical investigations necessary for the evaluation and applica-
tion of scientific advances to new military space systems. Versatility and
flexibility have been developed to a high degree by the laboratory personnel in
dealing with the many problems encountered in the nation's rapidly developing
space systems. Expertise in the latest scientific developments is vital to the
accomplishment of tasks relasted to these problems. The laboratories that con-
tribute to this research are:

Aerophysics Laboratory: Launch vehicle and reentry aerodynamics and heat
transfer, propulsion chemistry and fluid mechanics, structural mechanics, flight
dynamics; high-temperature thermomechanics, gas kinetics and radiation; research
in environmental chemistry and contamination; cw and pulsed chemical laser

development including chemical kinetics, spectroscopy, optical resonators and
beam pointing, atmospheric propagation, laser effects and countermeasures.

Chemistry and Physics Laboratory: Atmospheric chemical reactions, atmo-
spheric optics, light scattering, state-specific chemical reactions and radia-
tion transport in rocket plumes, applied laser spectroscopy, laser chemistry,
battery electrochemistry, space vacuum and radiation effects on materials, lu-
brication and surface phenomena, thermionic emission, photosensitive materials
and detectors, atomic frequency standards, and bioenvironmental research and
monitoring.

Electronics Research Laboratory: Microelectronics, GaAs low-noise and
power devices, semiconductor lasers, electromagnetic and optical propagation
phenomena, quantum electronics, laser communications, lidar, and electro-optics;
communication sciences, applied electronics, semiconductor crystal and device
physics, radiometric imaging; millimeter-wave and microwave technology.

Information Sciences Research Office: Program verification, program trans-
lation, performance-sensitive system design, distributed architectures for
spaceborne computers, fault-tolerant computer systems, artificial intelligence,
and microelectronics applications.

Materials Sciences Laboratory: Development of new materials: metal matrix
composites, polymers, and new forms of carbon; component failure analysis and
reliability; fracture mechanics and stress corrosion; evaluation of materials in
space environment; materials performance in space transportation systems; anal-
ysis of systems vulnerability and survivability in enemy-induced environments.

Space Sciences Laboratory: Atmospheric and ionospheric physics, radiation

from the atmosphere, density and composition of the upper atmosphere, aurorae
and airglow; magnetospheric physics, cosmic rays, generation and propagation of
plasma waves 1in the magnetosphere; solar physics, infrared astronomy; the
effects of nuclear explosions, wmagnetic storms, and solar activity on the
earth's atmosphere, ionosphere, and magnetosphere; the effects of optical,
electromagnetic, and particulate radiations in space on space systems.







